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LOW LEAKAGE SOLID STATE SWITCH 

BACKGROUND OF THE INVENTION 

The present invention relates to low leakage Solid State 
Switches and, in particular, to Solid State Switches used in 
range-changing networks in electrical measurement devices. 

Referring to FIG. 1, a typical range-changing circuit for a 
high impedance and/or low current, current measurement 
device is generally indicated by the numeral 10. 

The noninverting input of the operational amplifier 12 is 
connected to a reference potential for the measurement (i.e., 
the measurements on a device under test are made with 
respect to V). The inverting input of the amplifier 12 is 
connected to a test point on the device under test. In order 
to appropriately Scale the input current from the test point, 
a range-changing network is provided between the output of 
the amplifier 12 and the inverting input of the amplifier 12. 
The range-changing network includes a Series of parallel 
branches, each including a Switch and a range impedance. 
For example, the Switches 14, 16, 18 are each located in a 
range-changing network branch having a range impedance 
20, 22, 24, respectively. The Switches 14, 16, 18 may be, for 
example, reed relayS. The range impedances 20, 22, 24 may 
be, for example, 2 GS2, 20 GS2, 200 GC2, respectively. To 
select a range, one of the Switches 14, 16, 18 is turned “on” 
and the rest turned “off”. 

It should also be noted that the feedback from the output 
of the amplifier 12 through the range-changing network 
forces the inverting input of the amplifier 12 to V. 

Ideally, the Switches 14, 16, 18 have infinite impedance 
when they are “off” and Zero impedance when they are “on”. 
It is possible to closely approximate this ideal behavior with 
reed relayS. 

However, reed relays are expensive, take up Substantial 
Space and provide a Source of mechanical failures. Solid 
State Switches can be Smaller, cheaper and more reliable. 
Unfortunately, prior art Solid State Switches tend to be leaky 
when they are “off”. As a result, they have not been suitable 
where measurements on the order of 10 picoamperes or leSS 
are desired. 

SUMMARY OF THE INVENTION 

A low leakage Switch having a first terminal and a Second 
terminal, the Second terminal being at a potential corre 
sponding to a reference potential, includes a first operational 
amplifier having a noninverting input, an inverting input, 
and an output; a first Solid State Switching element having an 
input, and an output, a Second Solid State Switching element 
having an input, and an output, a leakage Stop having an 
input and an output; a Second operational amplifier having a 
noninverting input, an inverting input, and an output; and a 
third Solid State Switching element having an input, and an 
output. The first operational amplifier noninverting input is 
the first terminal. The first operational amplifier output 
communicates with the first Switching element input. The 
first Switching element output communicates with the Sec 
ond Switching element input and the leakage Stop input. The 
Second Switching element output is at a potential corre 
sponding to the reference potential. The Second operational 
amplifier noninverting input communicates with the leakage 
Stop output and the Second terminal. The Second operational 
amplifier inverting input communicates with the Second 
operational amplifier output. The Second operational ampli 
fier output communicates with the third Switching element 
input. The third Switching element output communicates 
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2 
with the first operational amplifier inverting input. When the 
first and third Switching elements are “off” and the second 
Switching element is “on” the low leakage Switch is “off”, 
and when the first and third switching elements are “on” and 
the Second Switching element is “off, the low leakage 
Switch is “on”. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of a prior art range 
changing circuit. 

FIG. 2 is a Schematic diagram of a Solid State Switch 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 2, a solid state switch 30 is suitable for 
use as a Switch 14, 16, 18 of FIG.1. The noninverting input 
of an operational amplifier 32 is connected to the main 
amplifier (not shown) of a measurement device. The output 
of the amplifier 32 is connected to one terminal of a resistor 
34 and the input of a Switch 36. The other terminal of the 
resistor 34 is connected to the inverting input of the amplifier 
32. The output of the Switch 36 is connected to the input of 
a solid state leakage stop 52 and the input of a Switch 42. The 
output of the Switch 42 is connected to V. The output of the 
leakage Stop 52 is connected to the noninverting input of an 
operational amplifier 44 and is connectable to a respective 
range impedance of FIG. 1. 
The inverting input of the amplifier 44 is connected to the 

output of the amplifier 44. The output of the amplifier 44 is 
connected to the input of a Switch 46. The output of the 
Switch 46 is connected to one terminal of a resistor 48. The 
other terminal of the resistor 48 is connected to the inverting 
input of the amplifier 32 and the resistor 34. 
The Switches 36, 42, 46 may be various solid state 

Switching elements, for example, field effect transistors. The 
control inputs for the Switches 36, 42, 46 are not shown, but 
in operation of the Solid state Switch 30, are applied to turn 
the Switches 36, 42, 46 “on” or “off” as described below. 
The Solid State leakage Stop 52 is characterized by having 

essentially Zero current leakage for Voltages acroSS it that are 
at or near Zero, for example, 1 femtoampere, or less, at 1 
millivolt. At higher voltages (e.g., 0.5 volts), the leakage 
stop 52 should present little or no obstacle to current. 
A possible embodiment of the leakage stop 52 is illus 

trated in the form of diodes 38, 40. The output of the Switch 
36 is connected to the anode of a diode 38, the cathode of 
a diode 40 and the input of a Switch 42. The cathode of the 
diode 38 and the anode of the diode 40 are connected to the 
noninverting input of the operational amplifier 44 and are 
connectable to a respective range impedance of FIG. 1. The 
diodes 38, 40 are very low leakage diodes. They have 
essentially Zero leakage at or near Zero volts (e.g., less than 
1 femtoamperes at 1 millivolt). 
The leakage stop 52 also may be formed from any other 

suitable solid state device, such as a low-leakage MOSFET 
connected to provide low leakage at, or near, Zero volts and 
conduction otherwise. 

When the solid state switch 30 is “off”, the Switches 36, 
46 are “off” and the Switch 42 is “on”. As mentioned above, 
the range impedance is connected to an input that is always 
forced to V. (FIG.1). The Switch 42 being “on” connects the 
leakage stop 52 (the diodes 38, 40) to V. As a result, the 
leakage stop 52 (the diodes 38, 40) has a zero potential 
acroSS it and therefore Zero leakage current through it, 
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despite the fact that the Switch 36 may be far from an infinite 
impedance when “off”. The amplifier 44 provides the only 
other path for current through the range impedance, but in a 
high impedance operational amplifier, this bias current can 
be limited to be less than 10 femtoamperes. Thus the Switch 
30 has less than 10 femtoamperes leakage in the “off” state. 

The resistor 34 (e.g., 10 MS2) provides DC feedback for 
the amplifier 32 when the Switch 46 is open. 
When the Solid state Switch 30 is “on”, the Switches 36, 

46 are “on” and the Switch 42 is “off”. In this case, the 
feedback loop through the amplifier 44 back to the amplifier 
32 forces the Voltage at the range impedance to be equal to 
the voltage at the main amplifier terminal. The resistor 48 
may be, for example, 1 KS2 and is Selected in conjunction 
with the resistor 34 to provide enough closed loop gain to 
reduce the effective Voltage drop acroSS the leakage Stop 52 
to a negligible value. 

It should be evident that this disclosure is by way of 
example and that various changes may be made by adding, 
modifying or eliminating details without departing from the 
fair Scope of the teaching contained in this disclosure. The 
invention is therefore not limited to particular details of this 
disclosure except to the extent that the following claims are 
necessarily So limited. 
What is claimed is: 
1. A low leakage Switch having a first terminal and a 

Second terminal, Said Second terminal being at a potential 
corresponding to a reference potential, comprising: 

a first operational amplifier having a noninverting input, 
an inverting input, and an output; 

a first Solid State Switching element having an input, and 
an Output, 

a second Solid State Switching element having an input, 
and an output; 

a leakage Stop having an input and an output; 
a Second operational amplifier having a noninverting 

input, an inverting input, and an output; and 
a third Solid State Switching element having an input, and 

an output, wherein Said first operational amplifier non 
inverting input is said first terminal; Said first opera 
tional amplifier output communicates with Said first 
Switching element input; Said first Switching element 
output communicates with Said Second Switching ele 
ment input and Said leakage Stop input; Said Second 
Switching element output being at a potential corre 
sponding to Said reference potential, Said Second opera 
tional amplifier noninverting input communicates with 
Said leakage Stop output, and Said Second terminal; Said 
Second operational amplifier inverting input communi 
cates with Said Second operational amplifier output; 
Said Second operational amplifier output communicates 
with Said third Switching element input, and Said third 
Switching element output communicates with Said first 
operational amplifier inverting input, whereby when 
said first and third switching elements are “off” and said 
Second Switching element is “on” Said low leakage 
Switch is “off”, and when said first and third Switching 
elements are “on” and Said Second Switching element is 
“off”, said low leakage switch is “on”. 

2. A low leakage Switch having a first terminal and a 
Second terminal, Said Second terminal being at a potential 
corresponding to a reference potential, comprising: 

a first operational amplifier having a noninverting input, 
an inverting input, and an output; 

a first Solid State Switching element having an input, and 
an Output, 
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4 
a Second Solid State Switching element having an input, 

and an output; 
a first diode having an anode and a cathode, 
a Second diode having an anode and a cathode, 
a Second operational amplifier having a noninverting 

input, an inverting input, and an output; and 
a third Solid State Switching element having an input, and 

an output, wherein Said first operational amplifier non 
inverting input is said first terminal; Said first opera 
tional amplifier output communicates with Said first 
Switching element input; Said first Switching element 
output communicates with Said Second Switching ele 
ment input, Said first diode anode, and Said Second 
diode cathode, Said Second Switching element output 
being at a potential corresponding to Said reference 
potential, Said Second operational amplifier noninvert 
ing input communicates with Said first diode cathode, 
Said Second diode anode, and Said Second terminal; Said 
Second operational amplifier inverting input communi 
cates with Said Second operational amplifier output; 
Said Second operational amplifier output communicates 
with Said third Switching element input, and Said third 
Switching element output communicates with Said first 
operational amplifier inverting input, whereby when 
said first and third Switching elements are “off” and said 
Second Switching element is “on” Said low leakage 
Switch is “off”, and when said first and third Switching 
elements are “on” and Said Second Switching element is 
“off”, said low leakage switch is “on”. 

3. A range-changing network branch comprising a low 
leakage Switch having a first terminal and a Second terminal, 
and a range impedance having a first terminal and a second 
terminal, Said low leakage Switch Second terminal being 
connected to Said range impedance first terminal and Said 
range impedance Second terminal communicating with an 
input to Said range-changing network, Said low leakage 
Switch including: 

a first operational amplifier having a noninverting input, 
an inverting input, and an output; 

a first Solid State Switching element having an input, and 
an Output, 

a Second Solid State Switching element having an input, 
and an output; 

a leakage Stop having an input and an output; 
a Second operational amplifier having a noninverting 

input, an inverting input, and an output; and 
a third Solid State Switching element having an input, and 

an output, wherein Said first operational amplifier non 
inverting input is said low leakage Switch first terminal; 
Said first operational amplifier output communicates 
with Said first Switching element input; Said first 
Switching element output communicates with Said Sec 
ond Switching element input and Said leakage Stop 
input; Said Second Switching element output being at a 
potential corresponding to a reference potential, Said 
Second operational amplifier noninverting input com 
municates with Said leakage Stop output, and Said low 
leakage Switch Second terminal; Said Second opera 
tional amplifier inverting input communicates with Said 
Second operational amplifier output; Said Second opera 
tional amplifier output communicates with Said third 
Switching element input, and Said third Switching ele 
ment output communicates with Said first operational 
amplifier inverting input, whereby when Said first and 
third Switching elements are “off” and said second 
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Switching element is “on” Said low leakage Switch is 
“off”, and when said first and third Switching elements 
are “on” and said second switching element is “off”, 
Said low leakage Switch is “on”. 

4. A range-changing network branch comprising a low 
leakage Switch having a first terminal and a Second terminal, 
and a range impedance having a first terminal and a Second 
terminal, Said low leakage Switch Second terminal being 
connected to Said range impedance first terminal and Said 
range impedance Second terminal communicating with an 
input to Said range-changing network, Said low leakage 
Switch including: 

a first operational amplifier having a noninverting input, 
an inverting input, and an output; 

a first Solid State Switching element having an input, and 
an Output, 

a Second Solid State Switching element having an input, 
and an output; 

a first diode having an anode and a cathode; 
a Second diode having an anode and a cathode, 
a Second operational amplifier having a noninverting 

input, an inverting input, and an output; and 
a third Solid State Switching element having an input, and 

an output, wherein Said first operational amplifier non 
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inverting input is said low leakage Switch first terminal; 
Said first operational amplifier output communicates 
with Said first Switching element input; Said first 
Switching element output communicates with Said Sec 
ond Switching element input, Said first diode anode, and 
Said Second diode cathode, Said Second Switching ele 
ment output being at a potential corresponding to a 
reference potential, Said Second operational amplifier 
noninverting input communicates with Said first diode 
cathode, Said Second diode anode, and Said low leakage 
Switch Second terminal; Said Second operational ampli 
fier inverting input communicates with Said Second 
operational amplifier output; Said Second operational 
amplifier output communicates with Said third Switch 
ing element input; and Said third Switching element 
output communicates with Said first operational ampli 
fier inverting input, whereby when said first and third 
Switching elements are “off” and Said Second Switching 
element is “on” said low leakage switch is “off”, and 
when said first and third switching elements are “on” 
and Said Second Switching element is “off”, said low 
leakage Switch is “on”. 


